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DNA MARKERS FOR PIG LITTER SIZE 



The present invention relates to methods of . 
P^g. to determine the presence or absence of ost" 
(OPN) alleles associated with increased Utter '"'''^ 
the use Of such methods in predicting Utter sT. 
and to .its for carrying out such methods '''' 

Meat production and animal breeding efficiencies . 
improved if it were nn«=.-Ki . ^ ^"^c^encxes could be 

from fewlr parent" ^ ^--^ 

production rests ~add?:-^ ^^""'^"^ 
organisations would benefit L^::: potrntal to^ 

^::'^ Z ''- ^-org\~ 

convent onalT;LTis l^ ''"'^'^''^ ^^^^^"^ 

i*axj.y as It IS Ixmited to one sp^-v ar^/q i. 

influenced k., ^® heavily 

r^^^TuTot ,:::;rT'^^^^^^ (--itablUty, a 
is due to genetTc If f ^^^^ 
Utter si.eTn pljr^^^^ " approximately o.l for ' 

One approach to . improving Utter size micht b. . 
introduce beneficial • . ^ ^® 

breeds which have • ! " P^^'^-""- from 

However ^1^1^ ""^ "'""^^ '^"^^ 

er, quantitative genetics suggests ^h;,^ 
traits such as Utter sH.» complex 
number of genes each t ^-^-H-d by a large 

If this is trl ' °" "^^^i^- 

thxs IS true, genetic progress through selection of 

true ^h.n alternative view is 

true, then genetxc progress of such traits could be 
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^apid, provided thai- -i ^ • 

-lect for beneficial '° ''^^"'^^^^ 

Si-e the advent of " "''"^""^ '"^^^ • 

P-slble to identify genes aTfer''''"'' 
^^antitative traft 1010 "' T"'"^^^ 
associations between the trait . '""'''"^ 
distributed evenly across th. "^^l^^^lar markers 

-PS are available iZtantrT ^"'"^'^ ''^^^^ 
- --ability Of sJ. pbl~^^^^ 

The Chinese Meishan breed of • 
about 4 extra pigiet. per litter'L" 1"°™ '° 
European breeds. Genes for . ' ""^^^ P^^^^fi- 
thi. breed would ^ oT '^iT.T -^'""^ ^^"^ 
axmed at increasing the litter 7 Programmes 
Pi. breeds. Xndeed a genetic """"^^^"^ 
oestrogen receptor gene W, of T."'"''^'^'^ ''^^^ 
Shown to have beneffcial eff . 

described in wos^/xa/s" ''"^^ -d is 

The Booroola Merino breed of «h» ■ 

I-itter Sizes of three '"""""'^ P^^^ifi- 

Significantly increased prolific? 

been shown to be due to th/ . °^ ^^^«<^ has 

'for review see 0 „ MontgoL" e" °J 

13: 309-328 (1993,) ^ ^'''^ocrine ijevievs, 

markers has shown that th. k '"^'""''^ "^""^ 
located on chro.oso.e 4 o w m"" °' - 

«e.etics, 4: ( 993,, r"""^"^^' "^^-e 

"ith the gene encoding secretin". " associated 
-so known as osteop^Lrr/tTr ^"^^ '^^^"^ ' 
1' 44 kDa bone phosphor! , ' ^"^oP^otein- 

Phosphoprotein. Comparativr ^""^ secreted 

' has Shown that human 
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chromosome ^ s-n^ 

chromosorae 8. ^^"^ also located on 

More recently, it u.r, k 

-'^er in cttle does Lt ^t ^ ^^CB-l.r^e. 

si.e in .eras se ec "^^'^^ ea 

43 (1995)). ''^^^ '^'"^^ ^<^^ence A/eeting, 

However, we h^^r^ 

and thus can be used to ^ ^^^^^ ^'^^ Utter 
neater chance of producZ / '"'^ ^^^^ «ith a 

letter sizes. As used herein ^"^^^^^-^ smaller 

-ns a si^i,i,^, incri;:: in 1"^''^' ''"^^ 

-ean of a given population. " ^he 

"ttle and man on the orTl . between sheep, 

other (Montgomery et ^ . . - th^ 
-uppie^ent, 49:ix3-i2i ;i995,f ""^ ^-tiiity 
-ructure of the chromosome .ay " 

«g.on, between animals haviL T , ^^^^ 

Pi.) and those with small I "! f "^'^ 

such that the effect of tbe 1 " ^'^'^ ^"''^ ' 

modified. Possible explanat fecundity is 

'^^^ -Jor gene may TJ^TZT- ^"^'"'^ ^^^^^^^ °^ 

Being brought inti a I.e L""'^'^' '^^'^^^^^^ 

inactive region,- the majol active or 

-i-ctly ..,er the oo^^r:; ""^^ '^^^ ^^^^^^ 

element; the position of the " P^""""^- 

Of the ma^or gene relative to OPN 
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may have been changed such chat OPN b.. 
useable .arker in assessing litter si!! ! ' ""^'^ 

pig than in sheeo or cattl! 



;te;h^d^o?L:rn:' '^'^ ^^^^-^ -°-^es 

likely to produce larger litters '""^"^ '^"^ 

the steps: "^""^^ "^t^^-i comprises 



(i) 

a pig; and 



Obtaining a sa.ple of genomic dna from 
prLent. ^"^^^'^^ 

^'iTZr:::i'.Tr — « of op. 
r rrt^r- t^^ir : — ~ 

recombination. Thus the !l "^^^Pted by genetic 

between the mar Jr and 1 ^"^^'^ .'"^ ^^^^^^ ^^^^-ce 

- - that re::irtir:in s— 't^ 
a" :Lr:/::::::Lr '~ — --eertedfic 

markers knovl M be " ""^^'^^^ ^"^^^ °^ 

(e.g. the Tp^ ilr""'/''' ^ ^""^"^^^ 

previously been shor to b ' ""^^^^ 

trait. tLs in th^ ' associated with a particular 

.ene, it would IVplfbrent^rel^l^rT 

- ^elect for pi.. ^ --e.. 
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alternatively against pigs 1,.,, 

litters, indirectly, by select! ^ ^"''""^^ -^^i- 

- OPN associated ZZl ^^^^^^ alleles of 

specific alleles of 7ltZ t ^^^^^^^^ 

' E-nples Of such markers l^^'T. 8 .ar.ers. 

P-cine chrcosce e inciudrr. ''"'^'^ ^° - 

- w.ic.:arersr;^r:"' 

all microsatellites. 
""le), this .„53.«. <«a ^ 

i« th, „o.-^''4:^' """i 

«9-o. would om ^ 

"•icrosatellite^"!';, are'" .1""'"'^ - - 

^ -re usually / -P-ts Of 4, 

essentially at rando/arou^d the 0""""' 
-e-y SO, 000 bases (abouTr nf 

haploid genome) s^utt ■"^-o-atellites per 

-P-cetion and "r^aT "0.? -^^^^ « ^^^^l 
recombination are thought tn ^"^^^"^-over during 
°f repeat units Thi! "^^^ gain 

-^aily polymorphic ZTlt'^' '^^^^os^.^lUtesM: 

-lleies. •^^-^ --eral repeat length 
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An example of = 

gene is (CA) ""^^^^^^^ilite associated w.k 
alleles, e ."'Jr^*^^"^ ^ P°-iMe repeat ^ 

Using primers canahi 

stringent o I °^ hybridising (f^r 

-cJateilir - --'on i'T.'" ^"'^^ 

-n>bination wth s?"/"'' "'^'^ ^i-n 

^^«-ing lengl '^-^i^- Jr ' 

0 ^ -"-e^gths can be rr^ ^ Products of 

dependent on the. generated, the 

Analysing the association . 

^ACCCACTTGCTCCCAC ■ °" 

In particular, repeat un • . . 

noted microsatelli.. "^'^ ^^^^les for th» w 

fitter Size in pig3_ associated with 
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in fact, the allele associated with increased litter size 
predominantly derived fron, a European parent stock This 

ILTT\"° - discussed above, 

the Mexshan has four extra piglets per litter than eithe; 
Landrace or Duroc, and it .i,ht have been expected that 
benef .cal markers would have been associated with genes 
inherited fron, the Meishan parent stock. 

in a second aspect the present invention provides a 
-.hod Of screening pigs to determine those .ore UkelJ 
to produce larger litters, and/or those less likely Z 
produce larger litters, which method comprises the steps- 



(i) 

a pig; 



obtaining a sample of genomic DMA from 



(ii) hybridising the genomic DNA from (i) 
with one or more suitable primers; 

(iii) carrying out one or more PCR cycles 
using the hybridised nucleic acid from (ii) - 
and ' 



(iv) analysing the length of the PCR product 
obtained in (iii) . 

suitably, the methods of the present invention are 
carried out using reagents and instructions presented in 

the form of a kit. 

Thus, in a third aspect, the present invention provides 
a kit for screening pigs to determine those more likely 
to produce larger litters, and/or those less likely to 
produce larger litters, which comprises one or more 
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OPN alleles 



^ or pig genomic Dm, 
A preferred kit of ^ho • 
^^th ON. lin..l Tt:" 

-crosatellite .ar.er. such a , ^he 

comprise one or more DNA prLr. Preferably 
standard PCR reagents. "Pt.onally together wit^ 

TnX" al\;Se?re~^^^^^ ^^"^^ -thods 
other already described .etTo^s --^unction with 

to determine those .ore iTkely to '° --en pigs 

<or those less likely to, ' " '^^^^ 

co.ld be J;^:\~~e o.,.., 

pig DNA using both methods 
In WO-A-92186SI and USSN 08/312312 ^>, 

-thods for determining which pias '"^^"^^^ 
produce larger litter sizes bl . '^^^^ ^o 

gene, xhe sailed Jn ^m " " '"^^^^ ^^'^^ 
that the screening methods of . I 
be combined with the earlier h T""' 
methods to provide a yet 1 "'"'^'""^^ screening 
'determinations. Thus, L a fur^h'""'"' 
invention provides a me hod" oT 7^"' — t 

determine those more likelv L Pigs to 

and/or those less likelv t. . ^^tters, 
-thod comprises the s/ep^ ° '^"^^^ ''^^^^ 

^ -™P- Of genomic o.. .... , 
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(ii) analysing the genomic DNA obtained • 

to determine which OPN allege > " 
present; and aliele(s) is/are 



lii) analysing the genomic DNA obtain»H • 

^odtermine Which alele(s) of at .1" " '"^^ 
gene linked to litter . ' °^ ^^^st one other 

l"ter s.ze xn pigs is/are present. 

preferred embodiment of this 
invention the at least one oh>,« ^^"""^ °^ ^he 

rr -^'^ - " 

reagents or mat... ; V' .T'"^ ^^-^^^^^^ o-e 

oj^ more 

reagents or materials can.Ki . ^ °'' ""^e 

at .east one other glT^d It™^ """^ 
a sample of pig genomic DNA. ^ "'^ ^^^^ 

Preferred features of 
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EXAMPT.ff 1 



DNA can be prepared fro,, any source of ti 
cell nuclei, for examm/ . ^^"^ containing 

follicles, ear no.ZTla ^^^^ 
outlined here relates to m /" - P-^^^- 
tissues can be ProcelLrsLnrrir^ ^ "^^"^^ 
"■aterial in k buffer and ^"^^^^^^ ^^^P^^ding 

Of the blood prorau^^*^ ^ 
produces a cell lysate anr,. ■ outlined here 

suitable for pcr a.plificatr "'^^ ^^"^ " 

preparing purifie^ o^ l^l" ,!rX"' -thod for . 

effective. ^'^'^^ should be equally 

lot^rrC^^ - - - P^e.ent 

microcentrifuge tie (o T ''f ^"^^"^ ^ 

OSO ,1 Of TE buffer was adde.\ r ' °" «<J--alent, . 
<^ae. groups inhibil p^Tl;; '^^^^^ 
seconds. The intact ZZ an<i ' 
-re then centrifuged for " ^ ' 
Microcentrifuge. L super^a.LT'^'^ " ^ ^ 

aspiration using a low nrT ^""""""^ gentle 

regaining re: bi j f " - lyse the 

collected by centrif ugat "n s befoV" '^''^ 
remained in the pellet rhi " any redness 

the pellet white ^^^-^ed until 

supernatant fro. the" pellererr^' °' ^^^^ °' 

- K buffer containinr^rintrVrar"' 
mixture incubated at 55°c u ^he 

then heated to 35-xoo»c for 8 . • ' ""^^^^ 

for 8 minutes and the DNA lysates 
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Stored at -20°c until 

until needed. 



Reagents 

TE buffer; 



K buffer: 



10 mM TRis-HCl pH 8 . o 
1 mM EDTA 

50 mM KCl 

10 mM TRIS-HCI PH 8.3 
2.5 mM MgClg 
0.5% Tween 20 



Prior to use for 1 

— A" ^.r. - ~ K 

Reactions were set up 

tubes (Perkin Elmer). '^^^'^ "-"ed 0.25 .1 

1-S /il lOx buffer; 
^•^ 15 mM Mgci; 
1-5 Ml 2 mMdNTPs' (Pharmacia,; 

0 ^ ff^^^ deioniaed water; 

Earner, ; "^'^^^ pol^erase (parkin 

1 f^l DNA lysate. 

Reaction tubes were ^>.^ 

regime indicated below.- according to the 

94=C for 4 minutes; 

30 cycles of Qdop ^ 
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^2°^ for 4 minutes- 
until rec^i^ed.' 

^O^PCR buffer 

100 mM Tris-wm 
CAACCCACTTGCTCCCAC 

one of hv,^ 

-^^k-r, the r "r""^" With . 

mA Sec! """^^"--^ such as the 
ISa»ffiIi£_^ software. 

5 of the Pro ^ ^ 

Slab gel in , ^^'^^'^^d on a non-denaturin« , leading 

-iatave mobilities as 1 estimated f ' 

allele. length of the °' 

Che microsatellite 

PCR products were ai 

Sequencer foli;° """'''^'^ °" ^" Applied Bio 

tollowing the ugg 2i°systems 

a fluorescently 
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labelled primer in the PGR. 
RESULTS 



OPN Allele Frequencies 

Results for OPN allele frequencies in different pig 
populations are presented in Table l. 



TABLE 1 



Sulfation's ""^"^^'^ Pig 



Population 



OPN Allele 



Number 



Percentage 



Landrace 



Me i Shan 



L93 



112 
132 
136 
142 



132 
140 
142 
154 



112 
122 
124 
132 
134 
136 
140 
142 
153 
154 



3 
6 
2 
3 



2 
8 
1 
1 



10 
2 

30 

39 
1 

36 
171 

60 
2 

43 



21 
43 
14 
21 



17 
67 
8 
8 



3 
1 
8 

10 
0 
9 

43 

15 
1 

11 



L94 



124 
132 
136 
140 
154 



L93 



L94 



45 
15 

9 
84 

9 



28 
9 
6 

52 
6 



^ishin c'roTs." P°P-lation founded by Duroc x 
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Statistical J^alysis 
Female animals derived i=r. 

litter size fho.v, ""^ ^^^^ ^94 wer. 

size (both total number , scored for 

alive fTTO2SM '"inoer born TNB) 

(NBA)), over several Dar,> • 

data .ere compar d and 
^-otypes for the same a„i "-^--atellite 
-sociations between li..^ s" ^^^^-tioal 

general imear model . squares to fit = 

-tter si.e were esti^atedlVer;? '^^^ 

the .eans adjusted Jor oL ^SMs 
v'^-h could affect litter Ti.e ^"^"^ ^odel 

The effect of . 

^^-cted usin. araneT su:". "^"^ ^ --er 
-i^als were classified in./rr """ "^^^^ ^ ^^i" 
they carried . , ^^^^ ^^^^ ^^ependin, on ...^her 
^SMs for Utter siee were estL. / ^^"^="1^- allele. 
— for ..3 are shown ITZlTf.^' '''' ^ 
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It can be seen from the data that allele 112 

related to a negative effect on iTtll '° 
positive trends are seen fn. ■, ^^^^^^ 

'^B). -edatapreserd?;.: "r ^"^"^ 

Landrace, allele 133 0001!^ k ^ '^"'"^'^ 

.andrace or Mei^n ltTr.^^"r^^^^ 
allele is .ore than twice lH ' 
the Meishan, it is '"^^ ^-^'^^^^ as 

. - - - alleles in ^^^r^ frlllTal ^ir^^^ 

were included Tn the Inalv"' ^^^^ ' 

in this line (prj^s aUe^ 
Duroc) . The combined data L aH.l '"""'^ 
shown in Table 3. alleles 132 and 136 are 
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These data show that only all.i 

P-itive effect for lit e/ ^ significant 

Although allele 136 .as close to "^'^ ™" 

probable that the effect h. ''^"'"^^"<=- ^or ^b, it 

The association between OPN alle: 
The results of s 

shown below i„ table 4 u.T. ^"^^ """^^^ line) is 

i-lvea fittin, each l^ ^l^. .r^^^^- -el. 
each ani„«i with a o, i or i ll "/""'^''^^ coding 
^ -Pies Of each allele,. '"'^^ "^^^^^ ^i- 0, i or 

Fixed effects wers. 

was 

f-ted as covariable.. ^1 were 
^ust fun. o, half-Sib faLf" ''"^ ^^^^ -^^"'^ed, 
less than xo Utters of a Lcond " ^''^'^^ ^'^^ 

from the analyses. genotype were excluded 

Traits analysed were total 

born alive (NBA) . """^^^ ^^^^ and 

number 

Three models were run for each i ■ 

random and esr effects as given '""'"^^^^ fixed, 
1- Model excluding 0P„ " 
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2. 
3. 



...... 

li'cUhood fro. .odels 2 0/3 ' -^t^-cting log 

the result a.ain.t a Chi-" ' ^ ' -'"^--g 

models. ^''^ difference between the two 

The levels of signifi,,^,, Un. f 

-^.ficax^t alleles i„ .ode" 3 ' 

below. ^^-^ 3 are given in the table 
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Table 4 




The following conclusions can h 

drawn from this data: 



1- OPN accounted for 

P<0.05). andL94 (TNB: P<0.01; nbA: 

2- 0PM allele u 

3. Other alleles OPN122 (L07) OPN112 . 
and OPN124 (L94) showed sion^ . """"^ ^^^3) 

significant negative effects 
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EXAMPr.p -> 



Genomic DNA samples from a further li 

large white based line) wer. J (another 

are shown belT tt^T T 
^-0- litter records were anal^el " ^"'^^^^ ^'^^ 

- a co-.ariate in Tn r^sls.^" '''^ 

'^T^llTTml^ (^B, and nun^er 

Models used: 

^- Total number born- -f^,^^ 

arrow month.s.re.ESR.oPNiia.oPNisa etc 
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This d;^i-=i 
As discussed above 

^«-ct litter Si, ' ."^"^ ESR, has b 

in pi53 and it f , "''^^ 

^= that other 
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10 



15 



genes linked „ith litter 

^--e. „e investi^aee/lttrt?.^ ''^""^^^'^ 
combinations of the two "^^"^^^="1 -Hele 

-,proviae .n :::eo:ritt °™ - 

" J-itter size. 

Iltvaen litt' looked at the . 

" Xitter size and va»-,-^, association 

op„ n3i„. results ;;e;e::e:Tf"'°"^ 

I that indeed beneficial altl " ""^'^^ ' 

Po-tively .ith beneficial :n/,';'^r^ combine 
-en greater litter size Lva' " °' that an 

be achieved through Xn ."" ^^^^"^^ than 
or ESR alone. ^ ""'"^ beneficial alleles of om 

Sable__^.. Allele 

"arkere on 11^^^ * /"*'*'=^«="ti<"i effect for opm ^ 
1^-^ ^i^^^f^^^^-ejWB)^ «nd BSR 
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IS 



24 



various combinat"'!"^'' ''"^^ ^^^^ (TNB, , 
f ============li;:,^f^^^^te^ ^^^^ ^'^^^ in 33 




fitter si.ee« L^^Z:^.^^^!^^^^^^^! 

ESR B= ^0^?.^ ^^^""^ complete additi ^ ^ 



(ii) 
(i) 
present 

2. A 
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CLAIMS 

1- A method for screening pias to H . 

to produce larger „ore 
i^^-Iy to produce larger ^^ose lesa 

^^^^ Which .ethod ccprise. 

a Pig; atd'''^"' ^ ^^""^^^ °^ — .^o. 

present. ^ allele (s) is/are 

^- A method as ^ 
a-er.i„..,.„ OPH \\Tls'"i ^ 

^ete^ining the presence L 7 '''' ^^-^^^^^ 

associated With at least one DNA f'' ^^^-l- 
<^--tly or indirectly to OPN "'^^'^ '^'^^^ ^^ther 

^* A method as clain,«^ • 

— is a n.icrosateiutt/'^ ^ ^^-^^'^ the n.. 

^- A method as claim^^ • 

' S0178 or Swei. 

""^thod as claimed in clai™ . 
P-mers capable of hybridrsrn." ^ ^ — 

the -icrosatellLe are " d°/ ^^^^-^ed 
genomic dna followed by one or "° ^^"-^^^ 

--erate pri.er exten.iln produL:."'' ^'^'^^ °^ ^ 
^* A method as r-i • 

^ genomic DNA is 
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determined by reference to ^h , 

extension product (s). ^"^'"^ °' ^he primer 

^- A method as claimed in claim . 

GCTAGTTAATGACATTGTACATAA • 
CCAATCCTATTCACGAAAAAGC- 

GTGTCATGAGGTOTTTTCCACTGC- or 
CAACCCACTTGCrCCCAC. 

^- A method of rc-^^^„- 

.o p,=aL~ ^ !! " 
ti.. .wp., ™thoa oc^i^. 

» o, ... „„„„ ... o„. 

10- A method as c-l^-;r« ^ • 
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GCTAGTTAATGACATTGTACATAA • 
CCAATCCTATTCACGAAAAAGC. 

GTGTCATGAGGTTTmcCACTGC- or 
CAACCCACTTGCTCCCAC . 

lively .o produce larger 

-re reagents or matLial. "^^^^^^^ °- or 

^^leles in a sample of p^ °^ ^'^-^i^i'ing OPK 

^2. A kit as claimed in = 

reagents or materials capable of . "''"'^ '^'^"P""- 

-ociated .it. ... .iLTt:^:^^ 



13, 
is a 



^« claimed in claim 12 wherein 
microsatellite and the k.> ^ "^^^^r 

I>NA primers capable , of hybrL^s '^'^^ 
genomic DNA associated w.^tht '° ^ ^^^"'^ of the 

° with the macrosatellite. 

as claimed in clal™ . 
following primers are ^ 



GCTAGTTAATGACATTGTACATAA- 
CCAATCCTATTCACGAAAAAGC. ' 

GTGTCATGAGGTTTTTTCCACTGC. or 
CAACCCACTTGCTCCCAC. 



^il^ claimed in clai™ 
-eludes standard pcr reagents " ^^^^ 

1^- A method of det^r-m.- ■ 

^ - ^arker assocrareHL'^r ^^^^^^ 
associated with larger litt" '''^ '^Z^- 

i-tter s.ze, which comprises the 
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steps Of; 
(i) 



,„„ „^ ^^^^ 

^■^^ A method fo:r c=^^ 

°i=taining a sample of a.n • 

Of genomxc dna from a pi^. 

is/are present; 



other qenp i , a-i-eie(s) of at i 

sene Imked to litter- ^^^'^ one 

"^^^ in Pigs is/are 

A method as ^7 . 



A method a«! ■ 
"lodified bv an,, ^J-aimed in claim 17 „ 
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claims 2 to 7. 



~" «ag,„t. „ ..tew.1. one or 

- .1.= 1. a „ ™ :::: ;r '° 

22. A kit as claimed in cliam 20 or claim 
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other means '^"^ « oral di,do««. ..... 
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